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[57] ABSTRACT

A ferromagnetic, high-speed sputtering apparatus in-
cluding an evacuable chamber, a substrate in the cham-
ber, a target of ferromagnetic substance in the chamber
facing the substrate, and magnetic field developing
means in the chamber on the side of the target opposite
the substrate. The target serves as a cathode. The target

includes at least two separate segments of ferromagnetic
substance which are spaced apart one from another by

a gap so that a leakage magnetic field may be produced

on the surface of the target facing the substrate. The gap

~may be less than about 3 mm. Each of the segments can

include a ridge portion on the surface facing the sub-
strate. Each ridge portion can have at least one apex and
at least one slant surface.

3 Claims, 13 Drawing 'Figures
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FERROMAGNETIC I-IIGH SPEED SPUTTERING
A APPARATUS

BACKGROUND OF THE INVENTION

ThlS mventlon relates to a hlgh-Speed sputtering ap-
paratus usmg a target of such ferromagnetic substance
as Fe, Co, Fe- Nl Co Cr Co R, Fe304, Ba0.Fe>0O3 and
so on. |
An apparatus 1S prewously known hawng an evacu-
ated chamber prowded therein with a target of ferro-
magnettc substance such as Fe or the like as a cathode.
It is also known to provide a magnetic field developing
means behind the target. This produces a leakage mag-
netic ﬁeld on the surface of the target so that the plasma
density may be 1ncreased

However, this apparatuq is liable to the dlsadvantage*

that in order to produce a parallel magnetic tieid on the
surface of the target of such an intensity of about 200
_Gauss (whlch is necessary for a high speed sputtering),

it is necessary to make ferromagnetlc the target rela-
tively thm Additionally, it is generally necessary to
have the field developing means producing a magnetic
fieid of an intensity more than the magnetic saturation
value of the target. This results in the wearing and
consumption of the target being accelerated. Conse-
quently, its life is lowered. Namely, for instance, in a
case where a barium-ferrite magnet is used as a mag-
netic field developing means, an Fe target in the form of
~ a plate is used:for the ferromagnetic substance target
and these are brought into mutually contacting condi-
tion, the thickness of the IFe target has to be made less
than 1.4 mm in order to obtain a leakage magnetic field
of about 200 Gauss on the surface of the target.

. When a Cu backing sheet is provided on the back of
the, Fe target for reinforcing the same, the thickness of
the. Fe target has to be made less than 0.7 mm. In these
cases, the life of use of the target becomes very short,
which is. undesuable . |

' OBJECTS AND SUMMARY OF THE
~ INVENTION

It is-an object of the present mvemlon to prowde a
ferromagnetlc. high-speed sputtering apparatus which
includes a ferromagnetic target having a longer life.

It is a further object of the present invention to pro-
vide an apparatus which does not require a magnetic
field developing means producing a magnetic field of an
intensity more than the magnetic saturation value of a
fermmagnetlc target.

It isstill a further object of the present invention to
reduce the wearmg and consumption of a ferromagnetlc
target s o

These and other objects are accompllshed in a ferro-
magnetic, high-speed sputtering apparatus comprising
an evacuable chamber, a substrate in the chamber, a
target of ferromagnetic substance in the chamber facing
the substrate and magnetic field developing means in
the chamber on the side of the target opposite the sub-
‘strate. The target serves as a cathode. The target com-
prises at least two separate segments:of ferromagnetic
substance which are spaced apart one from another by
‘a gap. In this manner, a leakage magnetic field is pro-
duced on a surface of the target facing said substrate.

‘Preferably, the gap is less than about 3 mm.

Each of the segments can include a mountain-formed
or ridge portlon on the surface facing the substrate.
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Each mountain-formed or ridge portion has at least one
slant surface.
- The ridge portion can have at least one apex.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional side view, partly omitted of one
embodiment of the present invention;

FIG. 2 is a sectional view of a portion of the same;

-FIG. 3 is a perspective view, partly omitted, of the
embodiment of FIG. 1;

FIG. 4 1s a dlagram showing the characterlstlcs
curves of a leakage magnetic field utilizing the embodi-

ment of FI1G. 1;

FIG.S51sa dlagram showing the relationship between
the gap size and the pressure within the evacuable
chamber showing the conditions when the plasma

 formed in the chamber enters into the gaps;
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FIG. 6 is a diagram showing the characteristics
curves of the electric discharge current relative to the
voltage;

F1G. 7 is a plan view of a second embodlment of the
present invention;

FIG. 8 is a plan view of a third embodiment of the
present invention;

FIG. 9 1s a sectlonal-51de view of a fourth embodi-
ment of the present invention; |

FIG. 10 is a perspective view of a variation of the
present invention, which may be utilized on any of the
above four embodiments in which a mountain-formed
or ridge portion having at least one slant surface 1s
formed on the surface of each of the segments;

FIG. 11 is a diagram showing the characteristics
curves of a leakage magnetic field of the variation of
FIG. 10;

FIG. 12 is a diagram showing the characteristics
curves of the discharge current versus the voltage of the
variation of FIG. 10; and

FIG. 13 is a diagram showing the relationship be-
tween the gap and the pressure within the evacuable
chamber showing the conditions when the plasma
formed in the chamber will enter into the gaps.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIGS. 1, 2 and 3, a target 1 made of a
ferromagnetic substance such as Fe or the like is so
provided in an evacuable chamber 17 as to face a sub-
strate 18. A backing plate 2 of a nonferromagnetic sub-
stance such as copper is provided on the rear surface of
the target 1. A magnetic field developing means 3 made
of a bartum ferrite magnet or the like is provided on the
back of the plate 2. A water cooling means 4 made of

nonferromagnetic substance is provided surrounding

the magnetic field developing means 3 and provides
cooling water. A yoke 3a holds the magnetic field de-
veloping means 3. When a cathode potential is applied
to the target, the target is sputtered so that fine particles
of the same are deposited on the substrate. An anode 19,
and a D.C. source 20 are also provided.

- The above construction is not different especially
from a conventional sputtering apparatus. According to
this invention, the ferromagnetic substance target 1 is.

constructed by a plurality of segments of ferromagnetic

substance 1¢ which are disposed so as to be spaced apart
from one another by a small gap 5 between every mu-

‘tual adjacent ones thereof.

In the case shown in FIGS. 1, 2, and 3, each segment
of ferromagnetic substance 1a¢ is formed as an annular
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body which 1s a rectangular form in section and is 5 mm
in width b. The plurality is disposed fixedly on the
backing plate 2 as to leave a small annular gap 5 of | mm
between each adjacent segment. Behind the Fe target 1
of such size and shape as above, a magnetic field devel-

oping means 3 1s provided comprising barium ferrite
magnets 3. Curve A, shown in FIG. 4, is obtained by
measuring the intensity of the magnetic field in the

horizontal direction at a point ¢ which is the central
position between the magnetic poles thereof, and which
1s at a height of 3 mm from the surface of the target 1
with the thickness t of the target I being varied. In
contrast thereto, curve B shows the result of measuring
of the intensity of the magnetic field in a case of a con-
ventional target made of Fe in the form of a plate hav-
ing a continuous surface, with the thickness thereof
being varied. In respect of the intensity G of the mag-
netic field, the curve B 1s lower than the curve A except
for the case where the thickness of the target is 0 mm,
that is, where only the backing plate alone exists. In
order to produce a leakage magnetic field of such an
intensity of above about 200 Gauss (which is necessary
for a high speed sputtering), the thickness of a conven-
tional target has to be 0.7 mm or less. If the target is
more than 2 mm, magnetic saturation thereof cannot be
obtained, so that a leakage magnetic field leaking on the
surface thereof cannot be produced. However, in the
case of this invention, even if the thickness of the target
1 1s a little less than 5 mm, a leakage magnetic field of
about 200 Gauss can be obtained. This thickness of 5
mm is a comparative thick one, the same can be durable
for a comparatively long sputtering time. Additionally,
a magnetic developing means 3 having a magnetic field
intensity which is lower than a magnetic saturation
value thereof can be used.

If the small gap 5 formed between the ferromagnetlc
substance segments 1a, 1a i1s too large, plasma enters the
same. As a result, the backing plate 2 is sputtered by the
same and the sputtered particulates are deposited on the
substrate as a foreign matter, which is unfavorable.
However, as shown by a region c in FIG. 5, if the small
gap S 1s made less than about 3 mm, the plasma cannot
enter the small gap S regardless of Argon pressure val-
ues. As a result, the backing plate 2 cannot be sputtered
thereby. A regton D shown in the same Figure denotes
that within which there takes place the entering of the
plasma.

- An electric discharge characteristic property in the
case of the ferromagnetic substance segment 1a in a
square torm which 1s 5 mm thick and 5 mm wide, is
shown by curves E-J in FIG. 6. It can be understood
therefrom that a high discharge péculiar to a high speed
sputtering can be obtained by such a target.

In this Figure, the curve E is obtained in the case of
the Argon gas pressure of 1 X 10—2 Torr, curve G is in
S5%10-3, Hisin 3x10—3, I'isin 1 x10—3 and J is in
5X 10—4, respectively. In the case of the curve G, a
deposit speed of 6100 A/min. is obtained with 630 V
and 8 A.

As another measure for forming the small gap §, it
can be considered that after the flat plate-formed target
of ferromagnetic substance is bonded to the backing
plate, the target 1 i1s cut or machined so that there is
formed a large number of plural small gaps of a lattice
formation as shown in FIG. 7 or FIG. 8, respectively.
Consequently, the target 1 1s so constructed as to have
a large number of the small square form segments of
ferromagnetic substance. In the arrangement shown in
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FIG. 8, the small gaps § are not at right angles to the
magnetic field in the X-X direction and the Y-Y direc-
tion. However, a magnetic field is produced in those
directions corresponding to a composite of vectors of
lines of the leakage magnetic field leaked from those

small gaps crossing the magnetic field developed by the
target. Therefore, there takes place as a whole no trou-
ble at all with the whole target 1 in the practical use.

Furthermore, this invention apparatus may be so
modified that plural magnets constituting the magnetic
field developing means 3 are disposed in an axial verti-
cal direction and plural ferromagnetic substance annu-
lar segments 1a are disposed so as to leave the small gap
S between each adjacent one and to surround the devel-
oping means 3 so that a tubular body of the ferromag-
netic substance target 1 suitably used for a coaxial type
sputtering apparatus is formed as shown in cross-section
in FIG. 9.

In addition, according to this invention, this inven-
tion apparatus is such a one that a mountain-formed or
ridge portion 7 having slant surfaces 6,6 is provided on
the surface of each of the small segments of ferrromag-
netic substance 1a so that the slant surfaces 6 thereof
may serve as sputtering surfaces for gradual]y being
sputtered and consumed.

One embodiment of this variation of the invention is
shown 1n FIG. 10. In this case, the magnetic field devel-
oping means 3 is composed of barium-ferrite magnets.
Each of the small segments of Fe ferromagnetic sub-
stance 1a is so sized that the height L of the base por-
tion 8 thereof 1s 5 mm and the height M of the ridge
portion 7 is 20 mm. In addition, the respective ferro-
magnetic segments 1a, 1a are so disposed on the backing
plate 2 that the distance of the space N between the
adjacent ridge portions 7,7 may become 20 mm.

In this apparatus, with the gap 5 between the adjacent
base portions 8, 8 being varied, measuring of the inten-
sity of the magnetic field above the gap S is carried out
at respective points O, P, Q and R located, at their
respective 5 mm interval relationship, in the space
formed between the slant surfaces of the adjacent
mountain-formed portions 7,7. As a result, curves 9, 10,
11, 12 shown in FIG. 11 are obtained.

The curve 9 depicts the intensity of the magnetic field
at the measured point O, and the curves 10, 11, 12 depict
the intensities of the magnetic field at the respective
points P, J, R. As clear therefrom, if the distance of the
small gap 5 is zero, that is, the base portions 8,8 are
brought into contact with each other to become contin-
uous one to another, the magnetic field intensities at all
the measured points become less than 2 Gauss, which i1s
below the ability of most instruments to measure. In this
continuous contact condition, the Fe ferromagnetic
substance segment 1a does not reach magnetic satura-
tion thereof. It can be also understood therefrom that
when the small gaps S5 become gradually wider, the
magnetic field intensities at all the points abruptly rise
and thereafter are gradually increased. Even in the case
that the gap distance is as very small as 0.5 mm or so,
there can be obtained such large leakage magnetic field
force as 170 G at the O point and 600 G at the point R.
Thus, even 1n a magnetic field which 1s below the mag-
netic saturation value, a sufficiently strong leakage mag-
netic field can be obtained.

Furthermore, where the distance of the gap S is set to
be 1 mm, an electric discharge characteristic property is
measured and the results thereof are shown in FIG. 12.
In this case, the above measurement 1s made in such
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conditions that the size of the target 1 is made 5X8
inches, and the DC sputtering 1s carried out.

In the same Figure, a curve 13 1s obtained in the case
of an Argon gas pressure of 1 X 10—2 Torr, and curves
14, 15 and 16 are obtained in the respective cases of the
same gas pressures of 7x10—3, 5x10—3 and 1 x10~3
Torr. It can be understood therefrom that in the respec-
tive cases high electric discharge currents peculiar to
the high-speed sputtering can be obtained. Also in the
case of the curve 14, in the conditions of 500 V and 9 A,
a deposit speed on the substrate becomes 4500 A/min.
which is more than 10 times that in a common RF sput-
tering. | | | |

With increase 1n the distance of the foregoing small

gap 5, the leakage magnetic field on the surface of the

target 1 1s increased, but if the distance thereof becomes
too large, the plasma enters the gap 3, and sputters the
backing plate 2, which becomes the cause of inclusion
of the impurities in a deposit product. However, if the

small gap 3 1s set to be less than about 3 mm, the plasma 20

does not enter the gap 5, so that the backing plate 2 is
- never sputtered as shown by a region T 1n FIG. 13. A
symbol U 1n the same Figure denotes a region within
which the plasma entering is observed. The operation of
this invention apparatus will be explained as follows:

The magnetic field developed from the magnetic field
developing means 3 which acts on the ferromagnetic
substance made target 1 from behind is leaked on the
surface of the target as a comparatively strong leakage
magnetic field due to the target 1 being constructed as
a plurality of the mutually spaced-apart segments of
- ferromagnetic substance 1a. When the target is sput-
tered by applying the cathode potential to the target,
the plasma density is increased by the leakage magnetic
field, so that high speed sputtering of the ferromagnetic
segments of the target 1 can be carried out.

In addition, in the case of a target in which each of
the segments 1a i1s provided at its surface with a ridge
portion 7 having at least one slant surface 6, the sputter-
ing surface is increased and at the same time the volume
of each segment 1a 1s increased by the ridge portion 7,
and there can be provided the target which can be
durable to sputtering for a longer time.

Thus, according to this invention, a target of ferro-
magnetic substance is constructed by at least two seg-
- ments disposed to be spaced from one another by a
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small gap, so that even when the magnetic field inten-
sity of a magnetic field developing means located be-
hind the target 1s below a magnetic saturation value,
there can be produced a comparatively large leakage

~magnetic field thereof on the surface of the target. Ac-

cordingly, a magnetic field developing means which
develops a comparatively weak magnetic field and
which 1s not -exaensive can be used. Also, the thickness
of the target can be increased to 5-7 times that of a
conventional target in a continuous plate form, so that
the durability of the target is improved and sputtering of
the target of ferromagnetic substances can be carried
out continuously and at a good efficiency. In addition,
by providing a ridge portion on the surface of each of
the ferromagnetic segments a durable fong life target is
obtained. |

It 1s readily apparent that the above-described ferro-
magnetic, high-speed sputtering apparatus meets all of
the objects mentioned above and also has the advantage
of wide commercial utility. It should be understood that
the specific form of the invention hereinabove de-
scribed 1s intended to be representative only, as certain
modifications within the scope of these teachings will
be apparent to those skilled in the art of high-speed
sputtering apparatuses.

Accordingly, reference should be made to the follow-
ing claims in determining the full scope of the invention.

What 1s claimed is: |

1. A ferromagnetic, high-speed sputtering apparatus
comprising an evacuable chamber, a substrate in said

~chamber, a target of ferromagnetic substance in said

chamber facing said substrate, said target serving as a
cathode, and magnetic field developing means in said
chamber on the side of said target opposite said sub-
strate, said target comprising at least two separate seg-

ments of ferromagnetic substance which are spaced

apart one from another by a gap so that a leakage mag-
netic field may be produced on a surface of the target
facing said substrate.

2. The apparatus of claim 1, wheremn each of said
segments includes a ridge portion on said surface facing
said substrate, each ridge portion having at least one’
apex and at least one slant surface.

3. The apparatus of either claim 1 or 2, wherein said

gap 1s less than about 3 mm.
¥ * ¥ % ¥
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